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ABSTRACT 

Objective: To determine if people dying from cancer 
are able to prolong their own life in order to experience 
a certain biographical event, or whether the appearance 
of such an occasion leads to increased deaths before 
the event. 

Methods: We compared numbers of cancer deaths 
during a period of 1 week before and after biographically 
important occasions, which were birthday, Christmas and 
Easter. As a psychogenic postponement or hastening of 
death is most likely in chronic diseases (as opposed to 
accidents or cardiovascular events), we included cancer 
deaths only. We estimated relative risks (RRs) with their 
corresponding Bonferroni corrected CIs to assess effects of 
biographical events. All registered cancer deaths in Germany 
from 1995 to 2009 were included (3 257 520 individual 
deaths). Numbers of deaths were corrected for seasonality. 
Results: Considering all cases, there were noticeably more 
deaths than expected in the week preceding Christmas, 
leading to an RR of dying after the event of 0.987 (CI 0.978 
to 0.997). Estimates indicating a hastening of death were 
consistent over several subgroups. Other occasions showed 
inconsistent results, especially there was no convincing 
postponement effect in our data. 
Conclusions: While there is no evidence of different death 
numbers before and after Easter and birthdays, the 
appearance of Christmas seems to increase deaths. 



INTRODUCTION 

Feasts, holidays and meaningful events play an 
important role in people's lives. It is an obvious 
question whether this importance is maintained 
until the last moments of life, leading to a 
change of mortality pattern around the event. 

During the last moments of their life patients 
are often under high psychological pressure. 
Previous studies found an escalation of distress 
and depressive symptoms before death in 
patients with cancer. 1 2 A study by Allen-Mersh 
et at gives evidence of an impaired survival in 
patients showing depressive symptoms. The 
authors discussed an interaction of psycho- 
logical mood and immune function. 4 Male and 
female patients with cancer perceive 
disease-related distress differently 5 6 An 



Strengths and limitations of this study 



■ Large number of included deaths encompassing 
an entire country leading to a sufficient statistical 
power. 

■ Seasonality and further biasing effects were taken 
into account. 

■ Examination of several events and subgroups. 

■ Retrospective character of the study merely using 
register data. 

increased distress-induced activity of the 
hypothalamic-pituitary axis (HPA) leads to a 
reduced natural killer cell activity and thus 
tumour control. 2 7 In head and neck cancer 
poorer psychosocial functioning (including 
depressive symptoms, perceived stress, anxiety 
and social support) was associated with a 
greater expression of vascular endothelial 
growth factor (VEGF), which itself triggers 
tumour growth by inducing angiogenesis. 8 
However, demographic parameters such as 
marital status, age and sex were not associated 
with VEGF expression. 

Positive expectations towards approaching 
holidays/biographically important events might 
be associated with a relief from the chronic dis- 
tress in patients with cancer leading to a reduc- 
tion in HPA activity. As chronic maladies are 
more easily affected by social and psychological 
factors than acute diseases, cancer-related 
deaths have the potential to draw reliable con- 
clusions of possible postponement effects. 
Assuming that patients with cancer are under 
continuous (dis) stress two mechanisms, acting 
in opposite directions, might be working: 

1. A reduction of distress prior to an event 
leading to more deaths after the event. 

2. An increase of distress before an event 
reflected by more deaths before the event. 

More generally, social support was related 
to tumour survival; the lack of a partner was 
associated with a reduced quality of life 9 and 
worse prognosis. 10 However, in patients with 
breast cancer Kornblith et al 11 revealed that 
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social support has to be very high to cause an improve- 
ment of distress. 

Concerning cancer treatment, patients with helpless 
attitudes might receive less healthcare than they require 
to experience maximum survival and this aspect might 
be influenced by major holidays due to, for example, 
staff shortage. 12 As shown recently, married people 
receive better treatment than their unmarried counter- 
parts and thus have a better prognosis. 13 

Despite these social and psychological aspects, there is 
also a behavioural component when explaining possible 
postponement effects: 14 reduced physical activity and 
inadequate food intake (probably most prevalent on 
and around major holidays) might have serious conse- 
quences on patients with cancer. 15-18 

Also malignancy is a relevant point in patients with 
cancer, as a very malignant neoplasm might be less 'con- 
trollable' by patients with cancer and thus we would 
observe smaller effects in this subgroup as compared 
with the subgroup of decedents with less malignant 
tumours. 

The holidays discussed here are Christmas and Easter, 
which have a strong religious aspect and birthdays, 
which are mainly a secular event. In Germany, Christmas 
and Easter are of high importance and serve as oppor- 
tunities when families come together and people experi- 
ence solidarity. Even more, these events are legal 
holidays where people have several days off. 

In recent decades several studies have tried to address 
these issues: a few of them are reviewed in the following 
paragraphs. 

Birthdays 

Recently, Shimizu and Pelham 14 investigated more than 
30 000 000 decedents from the USA. This study revealed 
a decline in mortality in the month preceding the birth- 
day and an increase in the month of birth. 
Unfortunately, the authors did not review this more 
closely by, for example, performing stratified analyses for 
age or sex. Nevertheless, they compared adults and chil- 
dren and found a weaker drop-peak pattern in the 
former. By examining a relatively large sample of 
1 435 815 individuals, Phillips et al 16 demonstrated a rise 
in mortality for women after their birthday. In contrast, 
men died more frequently before their birthday. Byers 
et al 19 found a pattern of increased deaths after the 
birthday, which was significant in individuals who had 
never been married. 

Because of the possible distractions due to cardiovas- 
cular diseases, the following studies concentrated on 
patients with cancer. Brown and Knapp 20 analysed sex, 
cancer diagnosis and month of death in a collective 
from the states of New York and Ohio in the USA. 
Though they found that more deaths occurred after the 
birthday in several instances (eg, a preproportion/post- 
proportion of 37.3%/62.7% in April 1989 in Ohio), 
their results were inconsistent and were not corrected 
for multiple testing. Out of 190 separately conducted 



statistical tests, only 10 were statistically significant, 
closely corresponding to the expected 5% level of sig- 
nificance if the null hypothesis of no birthday effect is 
assumed to be true. Young and Hade 21 examined a 
large sample in terms of the mortality affiliated to 
Christmas, birthdays and Thanksgiving. Despite the 
inclusion of 309 221 cases, only in two subgroups was a 
postponement statistically significant. The estimated 
effects were very small as the deviation from a homoge- 
neous preproportion/postproportion was below 2% for 
almost all of the 21 features tested. Again, the findings 
were not adapted for multiple testing, which would 
explain the significance. 

One further aspect is worth mentioning here: refer- 
ring to a study by Alderson, 22 Roger 23 gave a feasible 
explanation for an apparent postponement around their 
birthday in elderly people. Because daily mortality 
decreases successively from an age of about 75 years, the 
highest death rates occur immediately after crossing the 
lower limit of an age group. As the considered event 
and the group threshold are identical in the analyses of 
birthday and age, it seems natural that there are more 
deaths in the period directly following the birthday. 

Christmas and Easter 

An augmentation of deaths at Christmas, especially due 
to reasons related to cardiac conditions, was found in 
several studies. 24-26 Phillips et af 4 observed 1023 more 
deaths from diseases of the circulatory system at 
Christmas, while cancer deaths declined slightly by 

0. 8%, when all settings were considered. There was 
almost no deviation from the expected number of 
cancer deaths at New Year. The authors discussed several 
explanations, such as increased respiratory diseases, 
emotional stress and staff shortages. 24-26 A similar peak 
at Christmas was not found in the data analysed by 
Milne, 27 but rather on New Year's Day. Shimizu and 
Pelham 14 observed a decrease and postponement of 
deaths at Christmas in adults living in the USA. The 
number exceeding the expected level in the 2 days fol- 
lowing Christmas was approximately 3%, and the effects 
were stronger in children. Considering only cancer 
deaths, Young and Hade 21 were not able to identify a 
convincing deferral or hastening of death. 

Only some studies have been conducted to analyse 
mortality on and around Easter. One of the few studies 
undertaken could not find any augmentation of deaths 
at Easter. 27 The mortality of 1038 Roman Catholic 
priests at Easter and Christmas was the subject of 
another study, which however failed to find any 'mean- 
ingful pattern of death'. 28 

Limitations of previous studies 

Judging from previously conducted studies, it is essential 
to consider the following points: 

1. It is crucial to achieve a sufficient statistical power. 
The power of previous studies 20 21 does not seem to 
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have been large enough to detect small deviations 
below 1% from an equal predeviation/postdeviation. 

2. Samples that do not exclude acute diseases should be 
treated with caution. Otherwise, short-term physio- 
logical distractions are unavoidable and possible 
deferrals cannot be fully attributed to an actual will 
to live. A feasible solution is to include only deaths 
from cancer. 20 21 

3. Consideration of seasonal trends of death numbers is 
important. For example, Young and Hade 21 checked 
for possible trend effects in the data. They found a 
U-shaped trend for overall deaths, but not for deaths 
caused by cancer. Thus, they did not correct for sea- 
sonal trends in their analysis. However, the necessity 
to control for trend effects is generally implied by 
higher winter mortality. 29 

4. Preferably, the data should encompass a whole 
country, as many previous studies often used only 
local data. 19-21 

5. When age groups are built it is essential to exclude 
the dividing biographical date from the analysed 
time frame to account for the dip-peak effect, which 
Roger described as "to be expected from the sam- 
pling procedure used and (...) not related to 'birth- 
day stress' factors". 23 

6. Analyses should not only use pure registry data, but 
attempts should also be made to include individual 
patient data that would help to assess the effect of psy- 
chosocial factors. In a review, Skala and Freeland 30 
called for prospective study designs in future research. 

7. Results should not be communicated by p values, as 
these confound the size of the effect with its preci- 
sion, but by using effect estimates with corresponding 
confidence intervals (CIs). Statistical testing becomes 
particularly useless in very large samples where 
nearly all statistical tests used would achieve statistical 
significance, irrespective of the subject matter rele- 
vance of the effect. 

8. As most studies tested holiday effects in several sub- 
groups it is necessary to take multiple testing into 
account. 

9. Taking previous findings into account, the analysis of 
sociodemographic characteristics such as marital 
status, age, sex, religious affiliation are important to 
consider as they might affect hastening/postpone- 
ment effects. 

We tried to take these aspects into account which is 
described in more detail in the methods section. 



METHODS 

The data were obtained from the microdata set of offi- 
cial statistics provided for scientific use by the "Research 
Data Centres (RDC) of the Federal Statistical Office". 31 
The anonymised data set included all deaths registered 
in Germany from 1995 to 2009, that is 3 257 520 individ- 
ual cancer deaths in total. For each cancer death, infor- 
mation such as cause of death encoded by the 



International Classification of Diseases (ICD), place of 
birth, sex, date of birth and death was available. The 
cause of death is defined as the underlying disease that 
began a causal chain leading to death. We used the 
ICD-10 to decipher disease entities occurring after 1997 
and the ICD-9 for earlier cases. Individuals born on 
29 February were excluded from the analysis. In the case 
of Christmas and Easter (Christian holidays) we 
excluded all decedents with non-Christian (eg, Islamic, 
Jewish) religious affiliation (2.3% of the total sample). 
The research proposal was approved by the data provid- 
ing Federal Statistical Office. As we used exclusively 
register data, no written consent, approval of an ethics 
committee or Institutional Review Board was required. 
Anonymity was ensured by the Research Data Centres of 
the Federal Statistical Office. 

Data access and analysis was undertaken via 'remote 
execution' whereby the user compiles an evaluation pro- 
gramme by using dummy files, which is transmitted to 
the RDC. The programme itself is subsequently exe- 
cuted by the RDC and the results are sent back to the 
user. 

As biographical events we examined birthday, Christmas 
and Easter by comparing deaths over a total period of 
2 weeks with the event of interest at the mid point. 
Following previous studies, the event itself marked the last 
day of the first week 21 : 25 December (7 January in the case 
of Christian-Orthodox affiliation) was the last day of the 
preChristmas period, 26 December the first day of the fol- 
lowing week (week before=six preceding days+event; week 
after=seven following days). Easter Sunday (Orthodox 
Easter in the case of Christian-Orthodox affiliation) was 
assumed to be the last day of the preEaster period. 
Additionally, a total period of 4 weeks (2 weeks before and 
after the event) was examined separately as a sensitivity 
analysis. 

Malignancy was classified by sorting, separately for 
men and women, the 10 most common tumour entities 
by their 5-year survival rate. 32 33 The three most aggres- 
sive entities were considered high, the next four were 
classed as medium and the three remaining were classi- 
fied as low malignant. Less common forms were sum- 
marised as 'unknown malignancy' (table 1). 

Concerning religion, we differentiated between believ- 
ers (affiliation to a Christian confession) and atheists 
(no affiliation to a Christian confession), and unknown 
affiliation. To observe geographical effects, Germany's 
federal states were sorted into groups along a North- 
South and a West-East axis (table 2), as there are socio- 
economic differences between these regions. 

The problem of age group and birthday 

Based on the argument of Roger, 23 we raised the thresh- 
old of age groups by 15 days when analysing the event of 
birthday. Using this approach the limit of an age group 
was not the actual birthday, but the day 15 days after the 
birthday (limit lies beyond the maximum observation 
time of 14 days around an event). Thus, the boundary 
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Table 1 Malignancy ordered by 5-year survival rate with related cancer entities and ICD for men and women 32 33 



Malignancy 



Men 






Women 






tnuiy ot lumour 


ion o 




tnuiy ot lumour 


ion o 


ion m 


Melanoma 


172 


C43 


Melanoma 


172 


C43 


Prostate 


185 


C61 


Breast 


174 


C40 


Bladder 


188 


C67, D09.0, D41 .4 


Corpus uteri 


182/179 


C54/C55 


Non-Hodgkin lymphoma 


200/202 


C82-85 


Cervix uteri 


180 


C53 


Oral cavity and pharynx 


140-149 


C00-C14 


Bladder 


188 


C67, D09.0, D41.4 


Kidney 


189 


C64 


Colon and rectum 


153/154 


C18-C21 


Colon and rectum 


153/154 


C18-C21 


Ovary and adnexa 


183 


C56 


Stomach 


151 


C16 


Stomach 


151 


C16 


Lung and bronchus 


162 


C33-C34 


Lung and bronchus 


162 


C33-C34 


Pancreas 


157 


C25 


Pancreas 


157 


C25 



1 




ICD, International Classification of Diseases. 



that excludes cases of younger age remains outside the 
observed time frame. 

Trend correction 

As figure 1 illustrates, there is an underlying trend for 
death numbers within 1 year, showing a minimum in the 
summer and increasing deaths as winter approaches. We 
de-trended our data by fitting a sinus function and per- 
formed all analyses on the adjusted data. Details are 
given in the online supplementary appendix. 

Statistical analysis 

We computed relative risks (RRs) with the corresponding 
CIs corrected for multiple testing, the number needed to 
observe (NNO), and the relative number of postponed 
deaths per 1000 cases. For all these effect measures, deaths 
after the event were regarded as the outcome of interest. 
The following example illustrates the parameters and their 
interpretation: considering 100 cases, under the null 
hypothesis of no effect of an event we would expect 50 



Table 2 Formed regions with corresponding federal 




states 






Region 


Federal state 




North-South 






North 


Schleswig-Holstein, Lower Saxony, 






Mecklenburg, Hamburg and Bremen 




Middle 


Brandenburg, Saxony, Saxony-Anhalt, 






Thuringia, Hesse, Rhineland-Palatinate, 






North Rhine-Westphalia, Saarland and 






Berlin 




South 


Bavaria and Baden-Wuerttemberg 




West-East 






West 


Schleswig-Holstein, Lower Saxony, Hesse, 






Rhineland-Palatinate, North 






Rhine-Westphalia, Saarland, Bavaria, 






Baden-Wuerttemberg, Hamburg and 






Bremen 




East 


Brandenburg, Saxony, Saxony-Anhalt, 






Thuringia, Berlin and Mecklenburg 







deaths before and 50 after the event. If one death is 
moved to the period after the event, the number changes 
to 49 cases in the first period and 51 in the second, which 
is equivalent to one postponed death. In order to find one 
further deferred death one needs to observe 100 cases 
again, which is represented by a NNO of 100. The post- 
poned death increases the proportion of a death after the 
event by a factor of 1.02 (RR) in comparison to the sample 
without postponement. That is, RRs larger than one and 
positive NNO and number of postponed deaths depict 
postponements of death until after an event. 

In order to test for differences between death numbers 
before and after an event, an exact binomial test (two- 
tailed) with the null hypothesis of p=0.5 21 was performed. 
The limit of significance was assumed as a=0.05. To adjust 
for multiple testing, a Bonferroni-corrected a of 0.05/ 
(3x29) =0.000574 was finally considered. An interaction 
test was performed to examine homogeneity between sub- 
groups. Figure 2 illustrates the day-by-day pattern of all 
cancer deaths taken into account. 

In terms of statistical power, with an exemplary number 
of 120 000 cases in the window of 2 weeks, we could detect 
an absolute drop or peak of 1 % in the observed predevia- 
tion/postproportion with a probability of 99.9%. 

All statistical analysis and data management was per- 
formed using SAS, V.9.2 (SAS Inc, Cary, North Carolina, 
USA). 



RESULTS 
Birthdays 

When all cases were taken into account, the observed 
RR was almost one (figure 3). As the day-by-day 
pattern (figure 2) revealed, only a little peak of deaths 
at birthdays itself, but not around this occasion could 
be seen. In the subgroups by age, adapted for the 
effect described by Roger (see the online supplemen- 
tary appendix for results with 'Roger effect'), almost 
no relevant death pattern was observed, which is also 
true for various other subgroups. The strong effect in 
the youngest age group was not significant due to low 
case numbers. A different association between grades 



4 



Medenwald D, Kuss 0. BMJ Open 201 4;4:e004423. doi:1 0.1 136/bmjopen-201 3-004423 



e 



Open Access 



700 
680 
660 




540 



520 



500 



• Cancer Deaths 



-Fitted Sinus Function 



l ' 1 1 l 1 11 l 11 1 l ' 1 ' l 1 1 1 l 11 1 l ' 1 ' l 1 ' 1 l ' 1 ' l 1 11 l 1 1 1 l ' 1 ' l 1 11 l 11 1 l 1 1 ' l 1 1 1 l ' 1 ' l 
0 20 40 60 SO 100 120 140 160 180 200 220 240 260 280 300 320 340 360 
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Figure 1 Total cancer deaths per day of year. Average deaths per day. A sinus curve (considering the repetitive character of a 
year) was fitted to the time series. 



of malignancy or regions could not be deduced from 
our data. Thus we could neither attribute a hastening 
nor a postponement of death around birthdays. 
Furthermore, there were no convincing intrasubgroup 
differences. 

Christmas 

For Christmas, a convincing shift of deaths to the earlier 
week was found for the complete sample (figure 4). The 
RR to die in the second week rather than the first was only 
0.987 (CI 0.978 to 0.997). In total, there were 804 persons 
who experienced an earlier death than would be 
expected. This finding is underpinned by the day-by-day 
pattern in figure 2 showing increased deaths 1 week 
before Christmas. Deaths within the weeks before and 
after Christmas are distributed rather evenly, especially 
without a peak at New Year. Both women and men were 
more likely to die in the week before Christmas, by an RR 
of 0.984 (CI 0.970 to 0.998) in women and 0.990 (CI 0.976 
to 1.003) in men. The similarity in effect sizes between 
sexes is reflected by a non-significant interaction 
(p=0.332) indicating comparable hastening effects in men 
and women. Estimates of RRs were fairly similar between 
age subgroups ranging between 0.981 and 0.984. In the 
age group of 40-45 years, a remarkably low RR of 0.939 
(CI 0.859 to 1.019) was estimated leading to an NNO of 
only 33, which was however not significant. 

Again there were no relevant differences between grades 
of malignancy. In the different categories of family status, 



we found a statistically convincing effect only in the sub- 
group of married individuals. In atheists and religious 
people the number of deaths in the preperiod exceeded 
the number in the following week, which was significant in 
the subgroup of believers due to a larger case number. 
Considering regions we calculated only moderate estimates 
which appeared to be homogenous within subgroups. 

Easter 

The results within the subgroups taken into account were 
only weak and appeared to undulate around the null effect 
value (figure 5). Small deviations from this value are most 
likely due to random variations as there were no convincing 
estimates when corresponding CIs are taken into account. 

Sensitivity analysis 

Analysing the results for a total time window of 4 weeks, 
2 weeks before and after the specific event, no meaningful 
deviances from the previous findings were found. In some 
instances, results were statistically significant as case numbers 
nearly doubled, however, estimates remained almost 
unchanged (see also supplementary figures A1-A3 in the 
online supplementary appendix) . For the Christmas effect, 
estimates were in general smaller in the 4-week analysis. 

DISCUSSION 

Summarising our results we found more deaths in the 
week before Christmas across several subgroups, while 
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Figure 2 Day by day pattern of all cancer deaths around 
birthdays, Christmas, and Easter. The vertical (grey) line 
marks the event of interest (day=0). The second grey line 
(day=7) of the graph depicting the pattern of Christmas marks 
New Year. Black dashed lines indicate 95% CI (obtained from 
Poisson distributions using the SAS procedure of PROC 
GENMOD). Death numbers were corrected for seasonality. 



there was little evidence of hastening or postponement 
of death around Easter or birthdays. 

Birthday 

In line with our findings previous studies 20 21 were not 
able to unveil any remarkable mortality patterns. 
However, considering age effects Young and Hade 21 only 
distinguished between people older and younger than 
70 and did not control for the bias effect described by 
Roger. 23 We did not find any difference between men 
and women in their ability to postpone death, as pro- 
posed by Phillips et al 16 However, in contrast to our 
study, these authors referred to a wider time frame of a 
whole year. The null effect found in the subgroup of 
family status is in contrast to previous findings, which 
found a postponement in people who have never 
married. 19 Grigsby 34 found, by comparing the mortality 



of the birth month to other months, that non-married 
people have a "larger month effect than does the 
married group". Considering malignancy we found no 
relevant effects such as stronger effects in deaths from 
less malignant tumours. 

Christmas 

Our study indicated a predominance of deaths in the prior 
period (statistically significant in women, married indivi- 
duals, believers, cases from the western regions and the 
complete sample); therefore the prospect of Christmas 
seemed to reduce the chance to survive this date. 

When we compare our finding of a hastening of death 
with other studies, the contrast with the results of Shimizu 
and Pelham 14 might be explained by short-term peaks at 
Christmas due to deaths from cardiac causes 25 27 Young and 
Hade 21 did not unveil any significant death pattern, which is 
possibly due to examining only a low number of cases. 

Coming back to the mechanisms presented in the dis- 
cussion, we found evidence of negative influences such 
as increased distress to be present before Christmas sur- 
passing possible positive aspects of this holiday, which 
might in turn advance tumour progressive effects of the 
HPA 2 7 or growth factors. 8 Nevertheless, we cannot attri- 
bute a certain cause (immunological, social) underlying 
these changes. Hillard et at b revealed that there was no 
data based increase in acute psychological disorders on 
and before Christmas, which weakens a psychological 
explanation. However, there are tendencies for a 
depressed mental status during the Christmas period, 
mainly due to concerns such as loneliness and absence 
of family, 36 which support our findings and lead to a 
possible interaction of social support and distress. 

As we focused on the specific collective of patients 
with cancer other mechanisms such as particularities in 
social relations or deprivation, 37 and pathological affec- 
tions of the body, for example, chronic inflammation is 
associated with a depressed mood, 38 might be in action. 
The importance of social relations can be concluded 
from the fact that people living alone perceive the 
absence of relatives as a disadvantage and rely more on 
the continuous presence of professional health 
workers. 39 The interruption of these relations prior to 
Christmas might contribute to distress in patients with 
cancer before Christmas. 39 An increased sensibility 40 41 
while expecting Christmas combined with a depressed 
mood in the face of death might be an additional factor 
contributing to this phenomenon. Surprisingly, singles 
did not show a hastening of death as it was the case for 
the majority of subgroups, which was similarly found by 
Byers et al. 19 For singles, Christmas might be a time to 
develop and renew social relations weakening a relative 
social isolation, 42 giving pleasure 43 and possibly culmin- 
ating in a relief of cancer-related distress. 

Apart from the mentioned, it is plausible that the 
intensity of treatment is reduced before Christmas. In 
addition to potential staff shortages, it is possible that 
patients may wish to receive attenuated treatment. 
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Groups 



Subgroups Before Event 



After Event 



Rel. Risk [CI] 



Cases 
before 



after 



Postp. deaths 
absol. 1/1000 



NNO 



p-Value 
Binomial 



p-Value 
Interac. 



All 



All 



0.999 



62372 62275 



Gender 



M 



29710 29651 



32663 32623 



Age 



80 yr 



75-80 yr 



70-75 yr 



65-70 yr 



60-65 yr 



55-60 yr 



50-55 yr 



45-50 yr 



40-45 yr 



< 40 yr 



HH 



Malignancy 



High 



18779 18499 



13633 13653 



10869 10752 



HH 



Family stat. 



Single 



19027 18683 



HH 



34094 34139 



I!— — I 



Religion 



12792 12779 



47954 47931 



Region: N-S 



16043 15836 



HH 



34583 34607 



11745 11833 



Region: W-E 



13336 13098 



49036 49177 



Figure 3 Deaths from cancer during one week before and after birthday in Germany from 1995-2009 with related parameters. 
Abbreviations: CI: Confidence interval; NNO: Number needed to observe; Rel. Risk.: Relative risk to die in the week after 
Christmas, Reg. N-S: Regions along North-South axis, Reg. W-E: Regions along West-East axis, p-value Binomial: Obtained 
from an exact binomial test with a null hypothesis proportion of p=0.5 of all deaths to occur in each week out of the total time 
window of two weeks, p-value Interaction: p-value for test of interaction. 



A decrease in survival rates in hospitals on Christmas 
and weekends has been reported 44 ; however, these 
related to acute diseases. It might be possible that fewer 
(elective) operations are performed between Christmas 
and New Year, and thus we would observe a decreased 
mortality associated with surgery. Nevertheless, elective 
operations are rarely performed on patients in an 
advanced cancer stage. Furthermore, deaths due to acci- 
dents during operations would not be attributed to 
cancer by the RDC. 

In terms of the time window of 4 weeks, effect esti- 
mates were weaker indicating the short-term effect of 
the hastening, which is also supported by the day-by-day 
pattern (figure 2) with a maximum 6 days before 
Christmas. As the number of deaths peaks several days 
before Christmas when considerable staff shortages are 
not to be expected the distress hypothesis seems indeed 
to be more plausible, while the key role of the HPA was 
emphasised by previous studies. 2 7 In consequence, the 
process of growing distress might start even earlier and 
just cumulate few days before Christmas. 

Coming to the behavioural component it might be 
possible that nutrition and physical activity of patients 
with cancer worsens before Christmas; however, data 



supporting this statement are not sufficiently available. It 
was reported that Christmas is a difficult time for obese 
to stick to a certain diet regime 45 and that artificial and 
palliative nutrition procedures may be adapted for 
patients' needs around Christmas. 46 47 Thus, a looser 
nutrition concept might worsen survival leading to more 
deaths before Christmas; however, the evidence is weak. 
Similarly, physical activity might decrease before 
Christmas; but the seasonal effect of winter time is diffi- 
cult to distinguish from an actual 'Christmas effect'. 

A postponement of death (reduction of distress) was 
not observed. Indeed, taking the study by Kornblith 
et al 11 into account (social support affecting peoples' 
emotional state needs to be very high to reduce distress) 
the small effect sizes in our study make it difficult to 
observe a distress reduction (which might only be 
achieved for a minority) over all observed cancer deaths. 

In terms of religiosity, similar hastening effects in reli- 
gious people and atheists might reflect a similarly attribu- 
ted meaning to Christmas and a change from a primarily 
religious feast to a secular holiday in Germany. In our 
sample there were no considerable regional effect differ- 
ences indicating the low influence of local factors such as 
socioeconomic and demographic characteristics. 
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Figure 4 Deaths from cancer during one week before and after Christmas in Germany from 1995-2009 with related 
parameters. Abbreviations: CI: Confidence interval; NNO: Number needed to observe; Rel. Risk.: Relative risk to die in the week 
after Christmas, Reg. N-S: Regions along North-South axis, Reg. W-E: Regions along West-East axis, p-value Binomial: 
Obtained from an exact binomial test with a null hypothesis proportion of p=0.5 of all deaths to occur in each week out of the total 
time window of two weeks, p-value Interaction: p-value for test of interaction. 



Easter 

In the case of Easter again all effects of this occasion are 
likely to be caused by random fluctuation. Previous 
studies 27 28 could also not find any relevant mortality 
pattern and our results also failed to reveal consistent 
effects. The weak effects observed for Easter might be 
mainly due to lower importance of this holiday com- 
pared with Christmas in Germany. 

Limitations and future research 

Considering the mentioned limitations of previous 
studies we integrated almost all points in our study 
design, but certainly failed to conduct a prospective 
study (point 6). In a review of previous retrospective 
studies Skala and Freedland 30 could not find any evi- 
dence for any postponement of death. To overcome this 
problem, a prospective study was proposed providing 
deeper insights into the physiological mechanisms 
underlying the psychological affection of death. As we 
used retrospective data, we failed to take individual data 
such as the will to live, clinical setting, mental condition 
and the treatment received by the decedent into 
account. A prospective examination could reveal stron- 
ger postponement effects, but would also lead to a dra- 
matic reduction in the number of cases. Furthermore, 
ethical aspects have to be considered and there is 



certain risk of only few patients consenting to such a 
study while facing death, thus potentially limiting repre- 
sentability. However, in our study we have identified sub- 
groups and events for which people tend to hasten or 
postpone their death, which could serve as a starting 
point for future research. 

Other biographical events apart from those we investi- 
gated are probably more important to people, and 
might reveal stronger indications for a postponement of 
death. A grandchild's birth or a child's school enrolment 
could induce a massive will to live. However, as these 
events are not generally known, it is hardly possible to 
consider them. 

Finally, it is known that only less than 50% 48 49 of the 
causes registered on the death certificate show the 
actual cause. To avoid such inaccuracies, the certificate 
would need to be re-evaluated individually by autopsy, 
which is hardly feasible. It will be the challenge of 
future research to solve these difficulties. However, in 
our case, inaccuracies would only cause bias if errors in 
death certificates would be systematically different 
before and after the respective biographical event which 
seems not very realistic. 

Restrictions due to data privacy regulations of the 
RDCs are a further limitation of our study. Because of 
the possibility of de-anonymising single cases, data are 
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Figure 5 Deaths from cancer during one week before and after Easter in Germany from 1995-2009 with related parameters. 
Abbreviations: CI: Confidence interval; NNO: Number needed to observe; Rel. Risk.: Relative risk to die in the week after 
Christmas, Reg. N-S: Regions along North-South axis, Reg. W-E: Regions along West-East axis, p-value Binomial: Obtained 
from an exact binomial test with a null hypothesis proportion of p=0.5 of all deaths to occur in each week out of the total time 
window of two weeks, p-value Interaction: p-value for test of interaction. 



only accessible in not-too-sparse strata, obviating all ana- 
lyses that use individual case data, for example, regres- 
sion analyses with simultaneous adjustments for more 
than one confounder, or even interactions between 
confounders. 

In spite of these limitations, our data revealed a 
remarkable hastening of cancer deaths in the period 
before Christmas. In contrast, there is no persuasive evi- 
dence of a postponement until after any event, which 
underlines that people cannot prolong life on a relevant 
scale. Practically, this finding implies that the advent 
season is a vulnerable time for a dying person, who 
therefore requires especially focused care at that time. 
Moreover, the hastening of death identified requires 
further scientific investigation as a wide range of people 
are adversely affected. 
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